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Evaluation of the Effects of Acarbose on Weight and Metabolic,
Inflammatory, and Cardiovascular Markers in Patients with Obesity and

Overweight

Abstract

Background: Metabolic syndrome (MetS) refers to a cluster of risk factors for cardiovascular disease
and type 2 diabetes. The aim of this study is to assess the effects of acarbose as an antihyperglycemic
agent (drug) on late complications of MetS. Methods: This double-blind randomized clinical trial was
done on patients with MetS admitted to Isfahan Endocrine and Metabolism Research Center. They
were assigned randomly to two groups: A who received acarbose (n = 32) and group B who received
a placebo (n = 42) for 6 months. Cardiovascular indexes including flow-mediated dilation (FMD),
intima-media thickness (IMT), epicardial fat thickness (EFT), and C-reactive protein (CRP) were
measured at baseline and 6 months after the treatment and compared between the two groups.
Results: Post-intervention mean of weight (mean difference: —2.5 + 0.89) and abdominal obesity
(mean difference: —2.2 + 0.64) in acarbose group were significantly decreased (P value < 0.001).
High-density lipoprotein (HDL) level in acarbose group was significantly higher than control
group (44.7 £ 7.6 vs 41.1 + 6.4; P value = 0.043), while the other metabolic parameters were not
significantly different between the two groups (£ value > 0.05). In both groups, CRP and EFT decreased
significantly after the intervention, and the levels of CRP, EFT, and IMT markers in the acarbose group
were significantly lower than control group (P value < 0.05). Conclusions: The administration of
acarbose in patients with MetS can decrease weight and abdominal obesity as well as the reduction of
inflammatory and cardiovascular markers, including CRP, EFT, and IMT and also increases HDL.
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a marker of inflammation, is elevated in
obese patients, and is correlated with the
MetS and decreases with weight loss. CRP
is produced by mature adipocytes in adipose
tissue and may contribute to the elevated
circulating plasma CRP concentrations
present in obese patients and people with
the MetS. Treatment of the MetS is aimed
at improving insulin resistance through
lifestyle changes, namely weight loss
and regular physical activity. In patients
with abnormal glucose concentrations,
dyslipidemia, or hypertension, treatment of
the individual components of the syndrome
may result in greater impact on reducing
overall CVD risks. Given the prevalence of
the MetS and the exaggerated CVD risks,
innovative therapeutic approaches continue

Introduction

Metabolic syndrome (MetS) refers to a
group of metabolic risk factors associated
with the increased risk of cardiovascular
diseases (CVDs) and type 2 diabetes,
these factors include abdominal
obesity,  hyperlipidemia,  hypertension,
hyperglycemia, and insulin resistance.!?
The prevalence of MetS increases with age
from lower than 10% in young adults
to nearly 40% in people over 60.B) It is
estimated that 20-25% of the world adult
population suffers from MetS disorders.
MetS is more prevalent in Asian population.
There has been growing evidence suggesting
that the inflammatory markers are the
main causes of macro- and microvascular,

including renal, ophthalmic, and cardiac,
complications in patients with MetS
who suffer from diabetes.! The plasma
concentration of C-reactive protein (CRP),
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to evolve.P!

Studies have shown that even in patients
without diabetes, each of the MetS’ risk
factors, such as obesity, can increase
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inflammatory markers’ levels and cardiovascular adverse
events.>”1 Ceriello and colleagues have shown that
postprandial hyperglycemia and/or hypertriglyceridemia are
associated with an increase of plasma levels of nitrotyrosine
and inflammatory and thrombogenic biomarkers such as
IL-6, soluble intercellular adhesion molecule (ICAM-1),
soluble vascular cell adhesion molecule-1 (VCAM-1),
and prothrombin fragment 1 + 2. They showed that
postprandial dysmetabolism was accompanied by oxidative
stress and endothelial dysfunction in diabetic patients as
well.

Many antidiabetic medications are only effective
in glycemic control and have slight or no effect on
inflammatory  markers and cardiovascular  adverse
events.'"!!1 Acarbose is an alpha-glucosidases inhibitor; a
group of antidiabetic agents which are poorly absorbed.
Acarbose is associated with lesser gastrointestinal side
effects compared to other alpha-glucosidase inhibitors and
was used as a single drug or in combination with other
antidiabetic medications to control blood glucose levels in
type 2 diabetic patients. Acarbose can lower HbA1C level
by 0.5-1% and can reduce the incidence of type 2 diabetes
in prediabetic patients by 36%.["2 This medication can
reduce serum lipid levels, body weight, and blood pressure,
and also decrease inflammatory markers and cardiovascular
complications.!'>!#l This study aims to compare the effect
of acarbose and placebo on inflammatory markers and
cardiovascular indexes in MetS patients among Iranian
population.

Methods

This double-blind randomized clinical trial registered
in the Iranian Registry of Clinical Trials with the code
IRCT20130924014752N5. The research population included
all the patients with MetS referred to Isfahan Endocrine
and Metabolism Research Center between August 2016
and August 2017. Among them, 84 patients with MetS
based on American Heart Association criteria™ and
endocrinologist’s opinions were selected using nonrandom
convenience sampling method. The patients were evaluated
regarding the height and weight and after calculating
BMI (BMI = weight/height?, weight [kg] and height [cm])
and the cases with BMI greater than or equal to 30 kg/m?
were included. Patients with the history of underlying diseases
such as respiratory diseases and rheumatoid arthritis, those
taking antidiabetic or lipid-lowering medication over the past
year, using low-calorie diet to reduce weight over the past
year, and patients with a history of drug abuse or cases of
unwillingness to continue the study of intolerance of high
drug dosage and complications were excluded from the
study. After obtaining written consent from qualified patients,
they were divided into two groups of 42 patients receiving
acarbose and placebo using random allocation software.

At baseline, demographic information such as age, sex, and
BMI as well as metabolic parameters including body weight
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and waist circumference (WC), fasting blood sugar (FBS),
triglyceride (TG), total cholesterol (TC), high-density
lipoprotein (HDL), low-density lipoprotein (LDL), CRP
marker, and cardiovascular markers including flow-mediated
dilation (FMD), intima-media thickness (IMT), and
epicardial fat thickness (EFT) were measured and recorded.
FMD; IM and pericardial fat thickness were measured via
two-dimensional M-mode echocardiography. Endothelial
function was assessed as FMD at the brachial artery. It
should be noted that cardiovascular markers were measured
by a cardiologist using Doppler ultrasonography (AtCor
Medical, Solingen, Germany).

For patients in the acarbose group, treatment was initiated
with 25 mg/day acarbose in the first week; and if the dosage
was safe and well-tolerated, it was increased by 25 mg/day
every week to a maximum dose of 100 mg/day within a
month. The dosage was increased up to the maximum dose
of 300 mg/day for 3 months and maintained for the second
3 months (a total of 6 months). Patients in the control
group also received placebo in the same manner and they
took these medications with their main meal to reduce
gastrointestinal complications.

Response to treatment was considered if at least 5% of
weight loss was achieved during the 6-month follow-up
period, but if the patients had serious complications, they
were excluded from the study. There were no severe drug
side effects such as dehydration or elevated creatinine
level. Only 10 patients were excluded from the acarbose
group due to mild complications such as abdominal
bloating, diarrhea and stool softening, and intolerance to
increased drug dosage or unwillingness to continue the
participation [Figure 1].

Acarbose drug was prepared by Amin Pharmaceuticals
in the form of tablets and placebo was also used as the
tablets similar to acarbose (in terms of color, appearance,
and odor) and without any medicinal effect. Due to the
double blindness of the present study, the patient and the
researcher were not aware of the contents of the packages.

After 6 months, metabolic parameters including
body weight, WC, FBS, TG, TC, HDL, and LDL, an
inflammatory marker of CRP, and cardiovascular markers
including FMD, IMT, EFT were assessed and recorded
through blood tests.

Finally, the collected data were entered into SPSS
software (Version 20) and considering the results of
the Kolmogorov-Smirnov test for normal distribution,
parametric tests such as independent #-test were used to
compare the mean of quantitative variables between the
two groups. A paired #-test was used to compare the mean
of quantitative variables before and after intervention in
both groups, and Chi-square test was used to compare the
frequency distribution of gender between the two groups. In
all analyses, the significance level was considered as <0.05.
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Figure 1: Flowchart consort

Results

In the present study, from 32 patients in acarbose group, there
were 25 (78.1%) females and 7 (21.9%) males with the mean
age of 41.25 + 7.71 years; and from 42 patients in the control
group, 29 (69%) individuals were female and 13 (31.0%)
were male with the mean age of 38.92 + 9.05 years. The
two groups were matched in terms of the mean age, sex, and
BMI (P value > 0.05) [Table 1]. On the other hand, there was
no significant difference between the two groups in the mean
levels of metabolic parameters before intervention. However,
after treatment, only HDL level in acarbose group with
the mean value of 44.7 £ 7.6 was significantly higher than
the control group (41.1 £ 6.4; P value = 0.043) and other
metabolic parameters were not significantly different between
two groups (P value > 0.05) [Table 2].

In addition, the inflammatory marker evaluated in this
study (CRP) was not significantly different between
the two groups before intervention (P value > 0.05).
After the intervention, despite a significant decrease in
both groups (P-value < 0.05), CRP level in acarbose
group with the mean of 0.43 + 0.26 was significantly
lower than the control group with the mean of
0.93 + 0.38 (P-value < 0.001). In addition, cardiovascular
markers including IMT, FMD, and EFT did not show
any significant difference between the two groups before
intervention (P-value > 0.05). But, after intervention, the
mean CRP, IMT, and EFT levels in the acarbose group were
significantly lower than the control group (P-value < 0.05).
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Table 1: Demographic characteristic of the two groups

Characteristics ~ Acarbose group  Control group P
Sex
Female 25 (78.1%) 29 (69%) 0.3847
Male 7 (21.9%) 13 (31.0%)
Age; year 41.25+7.71 38.92+9.05 0.248'"
BMI; kg/m? 38.1145.02 36.12+4.66 0.0827"

Data shown 7 (%) or mean=SD. BMI=Body mass index. "Use
of Chi-square test for comparison of sex frequency distribution
between two groups. TUse of independent sample #-test for
comparison of mean variables between two groups

Table 2: Determination and comparison of the means of
metabolic parameters before and after the intervention
between the two study groups

Variables Time of Acarbose Control Pt
intervention group group

Body weight  Before 91.2410.1 89.5£7.6  0.411

(kg) After 88.7+10.1  89.4+7.3  0.730

Pt <0.001 0.640

WC (cm) Before 103.7+7.4 101.6+6.8  0.209
After 101.5+7.2 101.5+6.7  1.00

Pt <0.001 0.610

FBS (mg/dl)  Before 93.2+8.6 91.9£13.2  0.629
After 90.2+8.5 92.02+12.5 0.481

Pt 0.090 0.960

TC (mg/dl) Before 194.7+£33.7  199.8+34.6  0.527
After 195.6£29.6  200.1+£33.7 0.551

Pt 0.840 0.690

HDL (mg/dl) Before 42.3+7.8 40.7£7.3  0.374
After 44.7+7.6 41.1+6.4  0.043

Pt 0.020 0.490

LDL (mg/dl) Before 99.1+£21.4 99.1£21.9  1.00
After 97.3+17.1 99.3£21.1  0.663

Pt 0.500 0.730

TG (mg/dl) Before 183.9+14.5 179.9+£10.7 0.891
After 169.6+£16.7  179.749.3  0.747

Pt 0.520 0.900

Data shown mean+SD. WC=Waist circumference, FBS=Fasting blood
sugar, TG=Triglyceride, TC=Total cholesterol, HDL=High-density
lipoprotein, LDL=Low-density lipoprotein. 'Use of independent
sample #-test for the comparison of mean variables between two
groups. "Use of paired sample #-test for comparing mean variables
after intervention versus before intervention in each group

Additionally, the mean reduction in IMT and EFT levels in
the acarbose group was significantly higher than the control
group (IMT: —0.24 + 0.39 vs —0.01 + 0.06; P value = 0.001
and EFT: —0.89 + 0.83 vs —0.43 £ 0.64; P value = 0.040).
While there was no significant difference in mean reduction
FMD between two groups (—0.02 £ 0.05 vs —0.01 + 0.04;
P value = 0.371) [Table 3].

Discussion

MetS composed of central
dyslipidemia,

obesity, hyperglycemia,
and hypertension is considered as the
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Table 3: Determination and comparison of the means of
inflammatory and cardiovascular markers before and
after the intervention between the two study groups

Variables Time of Acarbose Control Pt
intervention group group
CRP Before 1.03+£0.44 1.06£0.36  0.748
After 0.43+0.26  0.93+0.38 <0.001
Change CRP —0.60+0.47 —0.14+0.42 <0.001
IMT Before 0.74+0.14  0.68+0.15  0.083
After 0.49+0.40  0.67+0.16  0.009
Change IMT —0.24+0.39 —0.01+0.06  0.001
FMD Before 0.12+0.04 0.11+£0.04  0.290
After 0.10£0.06  0.10+0.05 1.00
Change FMD —0.02+0.05 —0.01+£0.04 0.371
EFT Before 2.72+1.26  2.87+0.88  0.548
After 1.83+0.68 2.45+0.62 <0.001
Change EFT —0.89+0.83 —0.43+0.64 0.046

Data shown mean+SD. CRP=C-reactive protein, FMD=Flow-mediated
dilation, IMT=Intima-media thickness, EFT=Epicardial fat thickness.
"Use of independent sample #-test for comparison of mean variables
between two groups

strongest predictor of CVDs and/or diabetes, and it is
important as a medical emergency to control and prevent
the side effects.[!”)

Acarbose is an alpha-glucosidase inhibitor agent
which has little systemic absorption (less than 2%).
Gastrointestinal adverse events such as flatulence (78%)
and diarrhea (14%) are the most common side effects of
this medication.'? Alpha-glucosidase inhibitors cause
competitive, dose-dependent inhibition of alpha-glucosidase
enzymes that hydrolyze nonabsorbable oligosaccharides
and polysaccharides into absorbable monosaccharides and
are located in the brush border of enterocytes. Acarbose
lowers the level of postprandial blood glucose without
increasing serum insulin levels. This drug can also reduce
the HbAIC level by 0.5-1% thereby decreasing the
incidence of type 2 diabetes in prediabetes individuals.!'*
A study on 94 diabetic patients showed that acarbose alone
can remarkably lower postprandial blood glucose. Acarbose
also prolongs carbohydrate absorption time suggesting that
it will be effective especially in patients with postprandial
hyperglycemia who fail to achieve their glycemic goal
through diet control.'! A review article by Dinicolantonia
et al. demonstrated that acarbose reduces blood glucose
60 min after meals and keeps it low for 5 hours. In
accordance with previous studies, the current study showed
that acarbose can lower blood glucose 60 and 120 min
after meal.['®!

The results of our study showed that the level of serum
HDL increased significantly after acarbose therapy but
TC, TG, and LDL showed no significant changes after
treatment. In a clinical trial on 711 diabetic patients,
acarbose increased the level of serum HDL but did
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not affect serum TG levels. Another study performed
on 10 healthy participants who received 300 mg/day
acarbose for 3 weeks showed that the TG level decreased
significantly but no changes were observed in serum
HDL, LDL, and cholesterol levels. Dinicolantonio et al.
concluded that acarbose can increase the level of serum
HDL but cannot significantly change the level of TC. An
investigation by Joshi et al. showed that acarbose could
lower serum TG but did not change the serum levels of
cholesterol, HDL, and LDL. Since the participants in most
of these studies did not follow a similar diet, controversial
results seem to be related to different fat and carbohydrate
contents of participants’ diet.

The present study showed that acarbose therapy is effective
in reducing body weight and WC. The previous study
revealed that acarbose decreases appetite and opposes
unwanted fat storage by reducing food intake. A study
conducted by Nakhaee et al. demonstrated that diabetic
patients who received acarbose for 3 months followed a
low-calorie diet and performed consistent physical exercises
had greater weight loss compared to control group. Various
studies suggested that acarbose induces weight loss in
obese subjects.'? A study by Zhang et al. revealed that
acarbose consumption reduces body weight and waist and
hip circumferences in diabetic patients. On the contrary,
various studies conducted on Asian people have shown
that acarbose was not effective in weight loss. In other
words, this medication alone, without low-calorie diet and
exercise, did not result in weight loss in Asian people.
Controversies surrounding the effect of acarbose on weight
loss seem to be due to the heterogeneity of calorie intake
and physical activity in different study populations.!®!

Patients with MetS have two- to three-fold risk of
developing CVDs.['¥ Similarly, cardiovascular events are
the leading cause of death and disability in patients with
obesity, diabetes, and MetS.!'*1 Tt is well established that
inflammation plays a major role in the pathogenesis of
MetS and has an influence on the development of coronary
heart disease.'” Most antidiabetic drugs only lower
blood glucose and have a slight impact on inflammatory
markers. Metformin can suppress some of the inflammatory
signaling pathways by increasing AMP-activated protein
kinase activity besides its metabolic effects.'*?] Newer
sulfonylurea drugs such as gliclazide and glimepiride are
more efficient in reducing inflammatory markers compared
to other drugs of this group.’! Some studies have
demonstrated that acarbose can reduce blood pressure, lipid,
body weight, inflammatory markers, and cardiovascular
adverse events.'>¥ A study of these effects concluded
that in diabetic patients who received acarbose, insulin
resistance index, interleukin 6 (IL-6), and interleukin
1B (IL-1B) showed no significant reduction after 3 months
of treatment.”?* Another study also did not find any
significant change in IL-6, VCAM-1, ICAM-1, and hcCRP
after 7 months of acarbose therapy.” The reason for these
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contradicting results maybe sex or ethnic differences or
having other diseases such as diabetes or hypertension.
In this study, we evaluated the effects of acarbose on
inflammatory markers such as CRP and cardiovascular
indexes EFT, IMT, and EFT in obese patients with MetS.
CRP is available, inexpensive, well-established tools for
the detection of inflammatory conditions. According to
previous studies, cardiovascular indexes are also considered
as well-known predictors of adverse cardiac events. The
results demonstrated a significant decrease in CPR serum
level after 6 months of treatment. IMT and EFT levels also
decreased significantly after the treatment compared to
baseline but we found no significant changes in the mean
FMD level after treatment. In some of previous studies, !>+
CPR did not decrease significantly after acarbose therapy.
This might be related to patient selection such as selecting
participants who suffer from inflammatory conditions other
than cardiovascular inflammation. An important strength
of current study is that we specifically studied diabetic
patients with MetS while most previous studies assessed
the effects of this medication on all diabetic patients.
Another strength of our study is the use of the control
group which allowed us to compare the effects of acarbose
with placebo on the patients. A limitation of our study
was its small sample size which prevents the results from
being extrapolated to the overall population. Further studies
with large enough sample sizes and controlling potential
confounding variables such as age and sex are needed for
a more generalized conclusion. Finally, frequent evaluation
of variables throughout the study and assessing more
variables can lead to more precise results.

Conclusions

According to the results of the present study, the
administration of acarbose in patients with MetS can lead
to weight loss, abdominal obesity reduction, and decreased
levels of inflammatory and cardiovascular markers,
including CRP, EFT, and IMT, and increased HDL in
patients. Therefore, it may be suggested that acarbose
can indirectly prevent the occurrence of cardiac problems
by controlling metabolic parameters as well as reducing
inflammatory markers; but, it seems necessary to do further
researches in this area.
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